Background: People with Prader-Willi syndrome (PWS) typically have mild to moderate intellectual deficits, compulsivity, hyperphagia, obesity, and growth hormone deficiencies. Growth hormone treatment (GHT) in PWS has well-established salutatory effects on linear growth and body composition, yet cognitive benefits of GHT, seen in other patient groups, have not been well studied in PWS. Methods: Study 1 included 96 children and youth with PWS aged 4-21 years who naturalistically varied in their exposures to GHT. Controlling for socioeconomic status, analyses compared cognitive and adaptive behavior test scores across age-matched treatment na€ ıve versus growth hormone treated children. Study II assessed if age of treatment initiation or treatment duration was associated with subsequent cognition or adaptive behavior in 127, 4-to 21-year olds with PWS. Study III longitudinally examined cognitive and adaptive behavior in 168 participants who were either consistently on versus off GHT for up to 4-5 years. Results: Compared to the treatment na€ ıve group, children receiving GHT had significantly higher Verbal and Composite IQs, and adaptive communication and daily living skills. Children who began treatment before 12 months of age had higher Nonverbal and Composite IQs than children who began treatment between 1 and 5 years of age. Longitudinally, the groups differed in their intercepts, but not slopes, with each group showing stable IQ and adaptive behavior scores over time. Conclusions: Cognitive and adaptive advantages should be considered an ancillary benefit and additional justification for GHT in people with PWS. Future efforts need to target apparent socioeconomic inequities in accessing GHT in the PWS population.
Introduction
Prader-Willi syndrome (PWS) is a neurodevelopmental disorder caused by a lack of paternally derived, imprinted information on chromosome 15q11-q13. Approximately 70% of cases are due to two types of paternal deletions in this region, with Type I deletions being 500 mb larger than Type II deletions. An additional 25% of cases are due to maternal uniparental disomy (mUPD), and 5% to imprinting defects and atypical deletions (see Cassidy, Schwartz, Miller, & Driscoll, 2012 for a review). People with PWS manifest mild to moderate intellectual disabilities, compulsivity, irritability, aggression, and hyperphagia that can lead to lifethreatening obesity. Some of these features vary across genetic subtypes of PWS. Those with Type I deletions, for example, generally show lower cognitive or adaptive behavior skills, while those with mUPD may have better-developed verbal than spatial skills, and are more apt to have autism, autistic features and psychosis (Boer et al., 2002; Dykens, Lee, & Roof, 2011; Dykens & Roof, 2008; Key, Jones, & Dykens, 2013; Whittington et al., 2004) .
Growth hormone deficiency and short stature are salient in PWS, and in 2000 the Food and Drug Administration approved growth hormone treatment (GHT) for children with this syndrome. The physical benefits of GHT have been well established in >30 randomized or controlled studies of children with PWS. These include reduced body fat and increased lean muscle mass, linear growth, agility, muscle strength, coordination, and exercise tolerance (Deal et al., 2013) . Consensus practice guidelines for administering GHT include monitoring children's rate of growth, body mass index (BMI), bone density, upper respiratory function, sleep apnea, and insulin-like growth factor-1 (IGF-I), lipid, glucose and hormonal levels (Deal et al., 2013; Emerick & Vogt, 2013) .
Although GHT is also associated with cognitive benefits in other patient groups, previous studies in PWS understandably focused on endocrine and metabolic outcomes. Cognitive benefits of GHT are attributed, among other mechanisms, to the presence IGF-I and growth hormone receptors found in brain structures involved in cognition, including the hippocampus, putamen, hypothalamus, and cortex (e.g. Castro et al., 2000) . GHT is specifically thought to lead to a cascade of effects that strengthen longterm potentiation, neuronal signaling and plasticity in hippocampal and other brain regions (Nyberg, 2000) . Among patients with diminished growth hormone production (e.g. those with pediatric growth hormone deficiency, traumatic brain injuries, aging adults and older adults with mild cognitive impairment), growth hormone replacement therapies lead to improved attentiveness, working memory, episodic memory, and verbal and nonverbal memory (Falletia, Maruffa, Burman, & Harris, 2006; Nyberg & Hallberg, 2013) . Furthermore, treated versus untreated growth hormone deficient rats show significantly improved spatial learning, memory, and faster learning acquisition (Nyberg & Hallberg, 2013) .
Even so, only a few studies have assessed the effects of GHT on cognitive or behavioral functioning in PWS. Behaviorally, improvements in the physical domain of a health quality of life measure were found in 15 treated versus 11 untreated children with PWS over a 2 year period, with parents reporting continued physical improvements during an 11 year follow-up (Bakker, Siemensma, van Rijn, Festen, & Hokken-Koelega, 2015) . In early randomized trials, growth hormone treated versus untreated infants with PWS showed an earlier age of sitting and walking independently, and they scored higher on standardized tests assessing language, motor, and mental development (Festen et al., 2008; Myers et al., 2006) .
It is unclear, however, if gains in treated infants are sustained over the course of development, and findings to date are contradictory. B€ ohm, Ritz en, and Lindgren (2015) randomized 17, 3-11 year old children with PWS into GHT or untreated groups and found no cognitive effects after 1 year. The untreated group then received a double dosing of GHT, and after a year, treatments for all children were abruptly ended for 6 months. During treatment interruption parents reported deteriorations in their children's behavior, mood, and energy; cognition, however, was not re-assessed. In contrast, Siemensma et al. (2012) randomized 50, 4-14 year old children with PWS into growth hormone treated versus untreated groups, and assessed them with two cognitive tasks at baseline, and 2-4 years later. After 2 years, the treated group showed stable test scores, while controls declined. After 4 years, the treated group showed improvements relative to baseline on the verbal reasoning and visuospatial tasks.
These PWS studies raise several important methodological concerns. GHT is now recommended for all children with genetically confirmed PWS. As such, it is no longer feasible to conduct a randomized study in which a recommended treatment with known salutatory effects is withheld or postponed (West et al., 2008) . Such efforts are not likely to be well received by parents, and University Institutional Review Boards would likely object to studies that withhold a recommended treatment in a vulnerable population.
Second, studies on child cognition need to control key variables that are associated with child cognition in general, especially such socioeconomic factors as family income and parental education (Dickens & Flynn, 2001 ; Turkheimer, Haley, Waldron, D 'Onofrio, & Gottesman, 2001 ). Doing so is especially relevant in the current study, as GHT remains an expensive, multiyear course of treatment. Uneven access to GHT may occur in the Unite States due to variable health insurance coverage and/or inability to pay for treatments in lower income families.
Third, two medical issues associated with impaired cognition in the general population are also salient in PWS. Obstructive sleep apnea, seen in the majority of children with PWS (Camfferman, Lushington, O'Donoghue, & McEvoy, 2006; Sedky, Bennett, & Pumariega, 2014) , is linked to impaired attention, memory, and executive functioning in children and adults (Saunam€ aki & Jehkonen, 2007) . Second, many individuals with PWS take psychotropic medications to treat their behavioral or psychiatric problems, with side effects that can include cognitive blunting, sedation, or memory problems (Garcia, Logan, & Gonzalez-Heydrich, 2012) . As such, the current study determined if these variables were associated with cognition, and if so, would need to be controlled for in analyses.
This three -part study drew subgroups of participants from a large cohort pool of 173 children and youth with genetically confirmed PWS aged 4-21 years who naturalistically varied in their exposures to GHT. In Study I, we compared cognitive and adaptive functioning across age-matched children who had never received GHT to those who were on GHT for 1 or more years. We hypothesized that the GHT versus treatment na€ ıve group would have higher IQ and adaptive behavior standard scores.
As children begin GHT at different ages, Study II determined if age of treatment onset or duration of treatment was associated with cognition or adaptive behavior in 127 treated children. In light of previous infant studies, we predicted that earlier ages of beginning treatment would confer some cognitive or adaptive benefit over later starting children. Study III used multilevel model analyses to longitudinally examine changes in cognitive and adaptive functioning in children who were evaluated from 1 to 3 times over a 2-5 year period, and were consistently on versus off GHT during this time period. We expected that IQ scores would remain relatively stable in both groups, with children on (vs. off) GHT sustaining their cognitive advantage over time.
Methods

Participants
A cohort of 173 well-characterized children and youth with genetically confirmed PWS aged 4-21 years were differentially analyzed across Study I, II, and III. Children averaged 10.10 years (SD = 4.85), 49% were males, and all had genetically confirmed diagnoses of PWS (55% paternal deletions; 37% mUPD, 8% Other). At the time of study enrollment, most children (n = 130) had been receiving GHT for one or more years, and 43 had never received GHT. Specific child and family characteristics of participants are described below for each study.
Families were recruited from across the United States into our longitudinal research program on PWS regardless of their child's GHT status. The research program does not deliberately seek treated or untreated children but instead gathers growth hormone information as part of the study protocol. GHT was not managed by study personnel, but by endocrinologists in participants' local communities throughout the United States. Families of children who never received GHT were provided information and referrals to endocrinologists for evaluations.
Procedures and measures
Following standard University IRB procedures, parents provided written, informed consent, and individuals with PWS gave their written, informed assent. Children or youth were individually administered a test battery while parents were separately interviewed, and the following measures were included in this study.
Demographic and Health Questionnaire. Identified parental and child age, gender, PWS genetic subtype (verified through laboratory reports or confirmatory genetic testing), history and status of GHT, health history (sleep problems, medical illnesses, psychotropic and other medications), as well as family income, race/ethnicity and parental employment and education.
Kaufman Brief Intelligence Test-2. This standardized IQ test was developed for research and screening purposes, with a mean score of 100 (SD = 15; Kaufman & Kaufman, 2004) . The Kaufman Brief Intelligence Test-2 (K-BIT-2) assesses Verbal and Nonverbal cognition in people aged 4 through 90 years, and is frequently used in neurodevelopmental disabilities research. It has excellent psychometric features, including test-retest reliability of the Composite (r = .90), Verbal (r = .91) and Nonverbal IQ scores (r = .83).
Vineland Adaptive Behavior Scales-II. A widely used, semistructured interview, the Vineland assesses the performance of everyday skills required for personal and social self-sufficiency in an overall Composite and three domains: Communication (consisting of expressive, receptive, and written subdomains), Daily Living Skills (personal, domestic, and community subdomains), and Socialization (interpersonal relationships, recreation and leisure, and coping skills subdomains; Sparrow, Cicchetti, & Balla, 2005) . A Motor Skills Domain (fine, gross) is administered for children up to age 6 years. The Vineland yields domain and composite standard scores (M = 100; SD = 15) that were used in analyses.
Hyperphagia Questionnaire. This was developed to measure hyperphagic behavior, drive, and severity in PWS (Dykens, Maxwell, Pantino, Kossler, & Roof, 2007) . It has a robust factor structure and adequate psychometric properties. Items are rated on a 5-point scale, with higher scores indicating more hyperphagic symptoms. Analyses used total scores derived from two of the three domains: hyperphagic behavior (e.g. how often sneak food) and hyperphagic drive (e.g. how upset if denied food). We included this measure as B€ ohm et al. (2015) found that food seeking increased when their participants were taken off of GHT.
The Repetitive Behavior Scale-Revised. The Repetitive Behavior Scale-Revised (RBS-R) assesses a wide range of repetitive behaviors in people with developmental disabilities (Bodfish, Symons, Parker, & Lewis, 2000) . Informants complete 43 items using a 4-point scale from 0 (behavior does not occur) to 3 (behavior is a severe problem) that are divided into six subscales. This study used RBS-R total scores, with higher scores indicating more severe problems. We included it as previous studies note diminished behavior problems in growth hormone treated children with PWS.
Study I: Comparing GHT na€ ıve versus treated children
Participants. To provide a rigorous evaluation of cognitive or adaptive effects of GHT, Study I compared 32 treatment na€ ıve children who had never received GHT matched on chronological age to 64 peers who were currently receiving GHT, and had been treated for one or more years. (As GHT was more common in younger children, we could not match 11 older, untreated individuals). A fixed-ratio, 1:2 matching design was used (Hennessy, Bilker, Berlin, & Strom, 1999) such that treatment na€ ıve participants were matched on chronological age to 2, same-aged peers receiving GHT. Using power estimates based on an allocation ratio of 2, we calculated a minimum sample size of 42 treated and 22 untreated children to detect a large effect size (.80) at p < .05, using two-sided tests. The study was thus adequately powered.
The 96 participants (32 untreated; 64 treated) ranged in age from aged 4 to 21 years, with a mean of 12.45 and 12.07 in those off versus on GHT, respectively. As shown in Table 1 , treatment naive and treated groups also did not differ in gender or PWS genetic subtypes.
Results
Study 1
Preliminary covariate analyses. Of the proposed potentially significant confounds, Chi-square's and ANOVAs revealed that GHT status was significantly associated with family income and maternal education. Those on GHT had more educated, higher income families. For example, Table 2 shows that 56% of families with children on GHT were at the highest annual income level, approximately four times the rate of those not on GHT (14%). Family income and maternal education were thus used as covariates in all subsequent analyses. In addition to significance tests, Cohen's d was calculated to index effect sizes for Studies I and II, using the traditional
Other possible covariates (BMI, gender, race, sleep apnea, or medications) were not significantly associated with cognitive or adaptive functioning. Even so, we conducted an additional statistical check on racial status, and also ensured that the two groups did not differ in medical problems (e.g. respiratory dysfunction, severe scoliosis) that may have precluded GHT in the treatment na€ ıve group and perhaps confounded results on adaptive functioning. Age-corrected partial correlations between BMI, cognition and adaptive functioning were nonsignificant, and re-analyzing data with BMI as a covariate did not alter findings.
IQ and adaptive behavior. ANCOVAs (with income level and maternal education as covariates) assessed K-BIT-2 IQ and Vineland Adaptive Behavior standard scores across age-matched treated versus treatment na€ ıve groups. As shown in Table 3 , relative to the untreated group, those on GHT had significantly higher Verbal IQ and Composite IQ scores. Differences between treated and untreated groups reflected large effect sizes for Verbal and Composite IQs (d's = .85 and .70, respectively). ANCOVA's further revealed that the treated group had significantly higher scores on the Vineland's Communication (d = .52) and Daily Living Skills domains (d = .65); see Table 3 .
Although racial diversity was relatively low in this sample (17%), most of these families were in the treatment na€ ıve group and were primarily biracial (see Table 2 ). Therefore, we repeated these analyses with just the Caucasian participants; the pattern of findings remained the same.
Hyperphagia, BMI, and repetitive behaviors. ANCOVA's showed no significant effects of GHT status on hyperphagic or repetitive behaviors (see Table 3 ). Consistent with previous studies, both BMI and weight were significantly lower in the treated group.
Study II: Age of treatment onset and treatment duration
Participants and procedures. Study II included 130 children and youth with PWS aged 4-21 years (48% males; 52% females) who had been receiving GHT for at least a 1-year duration prior to their study enrollment. On average, this group began GHT at 2.96 years of age (SD = 3.47) and was on GHT for an average of 6.20 years (SD = 3.45). While many children were generally receiving the recommended GHT dose of 1 mg/m 2 /day, standard of care also dictates variable dosing that depends on the child's age, medical profile, response to treatment and clinical evaluation (Deal et al., 2013) .
Children averaged 8.36 years (SD = 3.51) and the majority of them (87%) began GHT before 5 years of age. As such, they were divided into three age groups based on the age they began GHT: <1 year of age (n = 38), between 1 and 2 years (n = 42), and 3-5 years of age (n = 34). The remaining children began GHT between 5 and 10 years (n = 9) or in adolescence (n = 7), and were excluded from analyses, leaving 114 children included in the three age groups.
Study II results
Unexpectedly, girls were less likely than boys to be placed on GHT at <1 year of age (22% vs. 46%, Table 4 ). This treatment lag may relate to the older mean age of PWS diagnosis in girls in our study cohort (9.8 months) versus boys (5.7 months). Follow-up analyses did not reveal any gender differences in cognition or adaptive functioning.
Controlling for socioeconomic status (SES) and also for children's current ages, ANCOVAs revealed that those who began GHT in the <1 year age group had significantly higher Nonverbal IQ scores than both of the older age groups (d's = .81 and .80, see Table 4 ). Similarly, the infant group had higher Composite IQ's than children beginning GHT in the two older age groups (d's = .73 and .77). No significant effects were found for age group of beginning GHT and K-BIT-2 Verbal IQ or other measures. Mean Vineland Adaptive Behavior Scores were highest in the infant versus two later starting groups, yet these differences were not statistically significant after accounting for children's current chronological ages. Partial correlations were conducted to explore relationships between duration of GHT and cognitive and adaptive functioning. As duration is contingent upon both children's current age and the age at which they began treatment, these were added to income and maternal education as covariates in partial correlations. Treatment duration was associated with K-BIT-2 Verbal, Nonverbal and Composite IQ scores (r = .23, .25 and .25, respectively, p's < .01). More robust relations were found between treatment duration and the Vineland's Communication Domain (r = .72, p < .001) and Daily Living Skills (r = .45, p < .001), but not the Socialization Domain (r = .13).
Study III: Longitudinal analyses of treated versus untreated children
Participants. The longitudinal study included all 173 participants (M age = 10.10 years, SD = 4.85) who were assessed from 1 to 3 times over a 4-5 year period. Of these, 130 were on GHT and 43 were treatment na€ ıve. Longitudinal participants were evaluated upon study enrollment and 2-4 years later. The average ages of children on GHT at time 1, 2, and 3 were 8.53, 10.91, and 15.16 years, respectively, while those not on GHT averaged 13.56, 15.76, and 18.56 years. Although those on GHT were younger, age was used as a covariate in analyses. An additional 10 children either started or stopped GHT during the longitudinal study, and were not included.
Children were seen for follow-up visits depending on when they were initially enrolled in the research program, and all will eventually have the opportunity to be seen a second or third time. Even so, we ensured that children seen longitudinally thus far in the research program were similar to those seen just once in gender and genetic subtype.
Study III results
A total of 323 assessments from the 173 participants were evaluated in multilevel modeling using Hierarchical Linear Modeling (HLM 6; Raudenbush & Bryk, 2002; Raudenbush, Bryk, & Congdon, 2004) . Of the 173 children, 150 were followed over a 2-4 year period, including 103 seen twice and 47 seen three times. Multilevel longitudinal modeling is well suited for such data as it takes advantage of all available observations. Those seen once contribute to In level 2 models, between-subjects independent variables were added as predictors of intercepts or slopes: child age, maternal education, and income, which were centered on their grand means. GHT status was also entered as a predictor, centered on 0 (À.50, +.50). Table 5 summarizes regression coefficients and standard errors for cognitive and adaptive behavior outcomes. Significant intercept differences at Time 0 were found, with treated children scoring higher than treatment na€ ıve children in Verbal and Full Scale IQ scores, Daily Living and Communication Skills, and lower BMI's. No effects of GHT were found on slopes; as shown in Figure 1 , each group manifested relative stability in both their modeled coefficient estimates and actual mean scores over time. Two slopes, however, were significant for the group as a whole, with both treated and untreated children showing increased BMIs and Hyperphagia Questionnaire scores over time.
Maternal education or family income did not emerge as significant predictors of modeled intercepts or slopes, yet age had a consistent effect on both. Although no significant interaction effects were found, follow-up scatterplots indicated that when older children or adolescents started the study at Time 0, they did so with slightly lower mean IQ and adaptive behavior scores than younger children. When younger, treated children enrolled in the study, they had higher standard scores that remained high, while older treated individuals either stabilized, or improved in scores over time. In contrast, both younger and older untreated children had similarly low cognitive and adaptive scores that remained relatively stable over time.
Discussion
As randomized designs that withhold or postpone a treatment with known salutatory effects is not feasible, this three-part study instead took advantage of naturally occurring variance in GHT status in a large cohort of children and youth with genetically confirmed PWS. Using well-controlled analyses, GHT was associated with improved cognition and adaptive behavior that was sustained over time in continuously treated children. Findings are consistent with some other growth hormone deficient pediatric patient groups, and justify a need for more research on cognitive and adaptive effects of GHT in people with PWS. Compared to treatment na€ ıve children, agematched children on GHT had significantly higher Verbal and Composite IQ scores, even when controlling for between-group differences in family income and maternal education. The K-BIT-2 Verbal domain taps such processes as verbal reasoning, semantic memory, vocabulary comprehension and making inferences about situations. The Vineland Adaptive Behavior Scale's Communication and Daily Living Skills Domain standard scores were also higher in the treated group. While the Communication domain is often associated with verbal intelligence, betterdeveloped communication abilities as well as skills in daily self-care or chores may reflect improved alertness, energy to engage in tasks, muscle tone and motor control in the treated children. We did not expect, nor find, significant effects of GHT on hyperphagia or repetitive behaviors, but included these measures to help refine our understandings of how GHT impacts the PWS behavioral phenotype. These findings are consistent with Lo, Festen, Tummers-de Lind van Wijngaarden, Collin, and Hokken-Koelega (2015) , and Lo, Siemensma, Festen, Collin, and Hokken-Koelega (2015) who did not find significant associations between growth treatment and child behavior problems. Taken together, our findings are consistent with work in animal models and other growth hormone deficient patients that demonstrate beneficial effects of GHT on cognitive processes and using such processes in the service of everyday adaptive functioning (Falletia et al., 2006) .
Our findings of an IQ advantage in growth hormone treated children with PWS differ from B€ ohm et al. (2015), who did not find any cognitive benefits in a sample of 17 children with PWS. Discrepant findings across studies may relate to differences in sample size and measures. This study included larger numbers of children and youth who all received the same standardized cognitive and adaptive tests. In contrast, participants in B€ ohm et al.'s (2015) study did not necessarily receive the same test over time, and the tests used also varied across Figure 1 Modeled coefficients and mean scores for cognitive and behavioral outcomes in treated versus untreated children with PraderWilli syndrome (PWS). Children were assessed 2 years apart, and were continuously on or off growth hormone treatment (GHT) during this time period individual participants, which may have confounded their results.
Regarding age of treatment initiation, the majority of children began GHT before 5 years of age. No significant differences in Verbal IQ were found between children who began GHT in infancy or between 2-3 years or 3-5 years of age. However, children who began treatment at <1 year of age had a significant advantage over later starting children in their Nonverbal and Composite IQs. The K-BIT-2 Nonverbal IQ requires that respondents form relations between various stimuli, including meaningful relations between people or objects, as well as more abstract, spatial connections between symbols or designs. Intriguingly, these findings are consistent with enhanced spatial learning in treated, growth hormone deficient juvenile rats and enhanced spatial learning and memory in other patient populations (for a review, see Nyberg & Hallberg, 2013) .
Experts agree that GHT in PWS should be started by age two or prior to the onset of hyperphagia and/or obesity (Deal et al., 2013) . Infants with PWS, however, take approximately twice as long as typically developing infants to attain motor milestones that are crucial for brain development and learning, including stabilizing and positioning their heads, grasping, reaching, rolling over, sitting unassisted, pulling up to stand, crawling, and walking (Anderson et al., 2013) . Reus et al. (2013) found that GHT enhanced the effects of motor training in 24 infants with PWS, with earlier initiation of GHT leading to steeper rates of improvement and higher scores on motor function tests. Furthermore, and Lo, Siemensma, et al. (2015) reported that compared to untreated children with PWS, those who began GHT in infancy and continued treatment for 7 years had higher developmental levels of adaptive behavior skills.
Although a compelling case can be made for beginning GHT in infancy, studies are sorely needed on GHT in adults with PWS. Compared to untreated controls, H€ oybye, Thoren, and Bohm (2005) reported that 10 adults on GHT for 6 months improved in cognitive tests of mental speed, flexibility, reaction time, and motor performance. Anecdotally, adults with PWS on GHT show improved aerobic conditioning, muscle mass, strength, attention span, energy, and well being (Bertella et al., 2007; Mogul et al., 2008) . Additional studies are needed to identify differential effects of GHT on cognitive processes in children versus adults with PWS.
Controlled analyses regarding duration of GHT indicated that longer treatment times were positively associated with higher cognitive and adaptive scores. However, more robust associations were found between duration and adaptive as opposed to cognitive functioning, and for conceptually sound reasons. Although GHT is associated with cognitive benefits, longer treatment courses may not necessarily yield increasingly higher and higher IQ scores. Indeed, regression to the mean suggests otherwise, and that although GHT may boost cognition, it does so in the context of an existing developmental disorder with a lower mean IQ than the general population. Yet such adaptive skills as expressive communication, self-care and household chores, are learned behaviors that become more complex with advancing age. These practical skills depend on both motor and cognitive abilities, and are critically important functional outcomes in people with intellectual disabilities.
Study III's longitudinal analyses extended findings from Study I by showing that group differences in cognitive and adaptive functioning were sustained over time. Continuously treated versus untreated children maintained their advantages over time in Verbal and Full Scale IQ scores, and in their adaptive Communication and Daily Living Skills. Within each group, cognitive and adaptive skills were stable over time in both modeled coefficients and actual mean scores. Different patterns, however, were found for BMIs and Hyperphagia Questionnaire scores. Although Hyperphagia Questionnaire scores did not differ across groups, both treated and untreated children had significant increases in these scores over time. Similarly, although BMIs significantly differed across treated versus untreated participants, both groups again showed rising BMIs over time.
Consistent with previous studies, GHT may positively impact BMI, but not necessarily hyperphagia, which is salient in PWS. As these hyperphagic children age, they are exposed to more environmental opportunities to obtain food, and to apply their more advanced cognitive or life skills in the service of finding food, often in very clever ways. Thus, regardless of GHT status, continued vigilance and supervision with diet and food is warranted as children with PWS transition into adolescence or young adulthood.
Interestingly, no significant declines in IQ scores were found in treatment na€ ıve children. This finding is consistent with early reports showing relative stable IQs in children with PWS (Dykens, Hodapp, Walsh, & Nash, 1992) , but differs from Siemensma et al. (2012) who instead found declines in untreated children over a 2-year period. These differences may relate to the cognitive measures used across studies. This study used a standardized IQ test; in contrast, Siemensma et al. (2012) used an algorithm to estimate IQ scores from two Wechsler subtests. Such short-form IQ tests can be particularly problematic in longitudinal studies because subtest scores have poorer test-retest reliability than fully indexed IQ scores (Kaufman & Kaufman, 2001) .
This three-part study had several limitations. First, unlike earlier work, current use of random assignment in which GHT is denied or postponed is no longer feasible. We thus opted to take advantage of naturally occurring variance in GHT in a large number of children, and to control for such confounding variables as SES. As in any nonrandomized study, however, there is always a chance that unknown or uncontrolled factors may have influenced our results. This possibility is tempered somewhat by a strong literature on cognitive advantages of GHT in other growth hormone deficient patients and in animal models.
Second, although Study 1 was adequately powered, the sample of treatment na€ ıve children was smaller than treated children. As such, we lacked power to analyze possible interactions between genetic subtypes of PWS and treatment effects. We would hypothesize, however, that treated children show cognitive or adaptive advantages regardless of their genetic subtype, and that such gains may be especially salient in those with Type I deletions. Because people with Type I deletions generally have lower IQ and adaptive behavior standard scores than other subtypes, they are positioned to gain the most from GHT and move closer to the scores of their counterparts with PWS. As well, other growth hormone deficient patients with more severe impairments show the most robust cognitive improvements when receiving GHT (Moreau et al., 2013) .
Third, several between and within group analyses were conducted, increasing the chances of Type I error. However, analyses were grounded in reasonable, a priori hypotheses, and all effect sizes were large or medium-to-large. An additional weakness is that GHT data were based on parent report, and aside from a few families who received care at our University Medical Center, medical records were not available to verify parent reports. Even so, parents were reliable in their reporting of GHT start or stop dates and potential treatment problems across both an interview and written health survey. Similarly, because we did not directly administer or medically monitor GHT, we did not obtain serum measures of insulin-like growth factor I (IGF-I). Although Siemensma et al. (2012) found no effects of serum IGF-1 levels on cognition in their participants with PWS, van Nieuwpoort, Deijen, Curfs, and Drent (2011) reported that higher IGF-I levels in 15 untreated PWS adults were associated with faster visual memory test performances. As other studies also find relationships between IGF-1 levels and magnitude of memory change (Maruff & Falleti, 2005) , further work is needed to clarify these discrepant findings.
Finally, this study did not address what happens to cognitive or adaptive functioning after children with PWS stop GHT. A sizable group of children with PWS in our research program, not included in this study, stopped GHT at different ages and for a variety of reasons: they successfully met linear growth goals, medical insurance coverage ceased or changed, parents could not afford out-of-pocket treatment expenses, or children experienced medical concerns leading to discontinuation (e.g. increased insulin levels, worsening of respiratory dysfunction). Such variability makes it hard to examine the cognitive or behavioral effects of ending treatment using an observational versus controlled study design. However, B€ ohm et al. (2015) stopped GHT in their participants for 6 months, during which parents reported a significant worsening of such problems as sadness, irritability, lethargy, hunger and repetitive behaviors; cognition, however, was not re-assessed. In contrast, and Lo, Siemensma, et al. (2015) reported that GHT had no measurable effects on behavior problems in PWS. H€ oybye et al. (2005) followed 10 adults with PWS at baseline, during and post GHT and found deteriorations in physical and social functioning 3-6 months after treatment ended, but again cognition was not formally re-evaluated. Future studies are especially needed that document specific cognitive changes after GHT ends in memory, attention, processing speed, and executive functioning (Maruff & Falleti, 2005) .
Despite these limitations, this is the first large, well-controlled study to identify cognitive and adaptive benefits of GHT in children and youth with PWS. While it was reassuring that more children in our study cohort were receiving GHT than not, it is troubling that treatment na€ ıve children were more likely to have less educated parents who earned lower annual incomes. Education and dissemination about GHT in PWS thus needs to target these families, as well as pediatricians and other practitioners who care for these children. Compounding these concerns are Takeda et al.'s (2010) cost/ benefit analyses in several growth hormone deficient patient groups showing higher incremental costs of GHT in PWS relative to quality of years gained.
A potential boost in cognitive or adaptive functioning, however, highlights the need to revisit previous justifications for GHT in PWS based solely on linear growth or body composition. In this vein, Wass and Reddy (2010) advocate that positive effects on memory and cognition should be added to the list of benefits of GHT for all children with growth hormone deficiencies. Doing so in PWS, however, poses several pressing questions: how should cognitive or adaptive behavior benefits be juxtaposed against the expectation that GHT typically ends when children with PWS meet linear growth goals? What happens to cognition when GHT is stopped? If behavior and/ or cognition are indeed proven to deteriorate, what new cost/benefit models are needed to support the safe, continued use of GHT on maintenance dosages for ancillary but important quality of life benefits? Answers require additional studies, input from families, individuals, experts and other stakeholders, and more equitable access to GHT in the PWS population.
